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PROBLEM TO BE SOLVED: To provide a charged particle beam aligner 
in which spherical aberration is reduced without increasing defocus 
due to Coulomb effect, by using a simple constitution as compared 
with a correcting method by using a multipolar lens. 
SOLUTION: A charged particle beam 1 which has passed a mask is 
projected on a wafer substrate 5 by a lens 3 projection, and an image 
of the mask is formed on the wafer substrate 5. A position (the 
optimum image plane) 4' where the spread of the charged particle 
beam due to spherical aberration becomes minimum exists at a 
position nearer to the image plane side than a convergence position 4 
of a paraxial charged particle beam, so that a mask is moved to this : >< 
position and arranged. A ring belt type aperture is arranged in a lighting; 
system . On the optimum image plane position 4', only a charged 
particle beam of an aperture half angle of at most a specified value is 
made to be received with an aperture half angle of at least a specified 
value. Thereby spherical aberration at the optimum image plane 
position 4' is remarkably reduced. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application converted 

registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rej ction] 

[Dat of extinction of right] 

Copyright (C); 1998,2000 Japanese Patent Office 



1 / 1 



01/08/03 14:59 



(i9)H*H^fFiT (jp> 02) & ^ 45= M= £t 3* (a) (wmmm&nm* 

#^11-297610 

(43) 'AM B spf&l 1 ¥ (1999) 10£ 29 B 



(51)IntCl. 6 
HO 1 L 
GO 3 F 
G2 1 K 
HO 1 J 



21/027 
7/20 
5/04 
37/153 
37/305 



5 0 4 



F I 
HO 1L 
GO 3F 
G2 IK 
HO 1 J 



21/30 
7/20 
5/04 
37/153 
37/305 



5 4 1 B 
5 0 4 

M 
Z 
B 

m$m<D&:2 fd 



(£: 8 J€) 



(21){HH#^ 


#S¥10-111357 


<71)ffl®A 


000004112 
















¥^10^(1998)4 ^8 0 




ymm^m^s\.<D\H 3 t@ 2 1 








(72) mmm 














&3# J* 
















(74)f$SA 







(54) ^ws^&i@^si@ 



(57) [mm 

«4' ±^m^xpjf^mu±<Dm^^nvmm^T(o 

So 











I ^ 2 












,4' 
.4(5) 



(2) 



«FBB¥ 1 1 - 2 9 7 6 1 0 



1- 5 W«*fc^**#56B. 

[0 0 0 1] 

■7-*at3fe$IB {- Bl "I" 5 fc <D T- & -5 „ 
[0 0 0 2] 

[0 0 0 3] W*JKiFi»«3feT*fi, ^^HWlHlSS^lBlK 
4$H^8 - 6 4 5 2 2-5H*«#J&) Q 

[0004] z.(D£.o teffim&^mytmm<vm<nwtmm 
■Sria i 2t^-r 0 .0.1 2t^*3v^. utratmm+m. 2 

^i-tvx^ 7 Srflgtt-fSo 7^- 
®{£B4 fcI2B£ixT^5 0 

[0 0 0 5] a*<o?8f«a[^J|«3tic:*5i%Ttt, ±iL 
T*^ffl <D8£gl u > X* tz IZIfrm \/ V X** h «/$ * 5 



<^ft£r ^^-g^_k{:iifte^ L/c £ # icHs^flMS— Site: 
[0 0 0 6] 3}f^fe5«S:te^-r5i:, ^x/^ifi 

[0007] *ffiisjiSrMiEi-«a*a«t it, ^ 

[0 0 0 8] 4fc, *ffiiRSStt. iSttt^ttBW 

£f:£C sph a 3 T*«£ix6 0 <fcoT, 
[0 0 0 9] 

[«?S^*»:LJ:5i:t5Rl] L^U*^^^ 
\y > Xtc J; 5 *E;fr ffittffittft T* fc 5 

T-uvXcoK^#^tc^iL^i:^5P^JS^^fc5 0 £ 

- - i,±mm^v\. 

[0 0 10] Ctxb. #ffi^-^^X<^agSKMv T=7-< 
* > hISSItcJ: 0|IW<o«]E^vX»^^KtHltt^b 

tti"ixrb*v\ -fixfcu-vxtiiciij^ftiRii^* 

^ffi^u^XSrfigfflLfcffijEttUfflu^/Wdig 
WM\ Vol 25, No. 3, (1990), 159-166) 0 

[0 0 1 l] ffifttSt^jft^^-Jr^fi, u^XcoKx 

[0 0 12] ifc^ai^w^XMaESSrAn-Si, 



' (3) 



%fffl¥-l 1-297610 



[0 0 13] -coj: otemm \z.m&Xtj:&ti 

[0014] 

[0 0 15] S9l5rajaSr»*i-5fc«>^»2 0#afi > 

(»*«2) xh% Q 

[0016] (fpffl) «T\ *38W<ofeffl&0&Jfl^-c 

[0 0 17] m l tt^^fcts^ffiiRSIfSSEcowaS: 
££^-[IlT*fo6 0 Si, "H2lcfcv^ iw^m&^ 

SSil^EteB, 5(t?x^Sfc 6{3^«iT*fc£ 0 

[0018] Sriiig ufc#«3K[^i» i fa. 

[0019] i2 tc&^T , BRffiiR^s^ttiESS-efeS 

££a s 9j&s*/Nc/j:5tefi (tI§S(4I) 4* ^ff^Ei" 
5 Q iot, ^*^£ffi5<offifi£;tf£;*&ffiflrfi4;&> 

[0020] mm^te, Ei2(Djt^^i3v^r. 
*:<, Elio<t9fc, *Sfi®{£a4' ±(c^o 



[0 0 2 1 ] »*3SlXO?KHSr«P*i"«7t«)^io 
[0 0 2 2] r<D*fet£±*Ltf. F^NM^±#^g|^ 

X Sffetf^rS: fell]*-*- 5 r <t *T?# £ Q 
[0 0 2 3] *^tCfflVN57^-f-tfi, J£«ffi_fcK: 

[0 0 2 4] 

^^xmmvtc.mj^wmia^mcn^^^x^(Dmm 

[0 0 2 5] i3l:/TtJ;5 4, «E4xii^±T- 

o^a^ <^> *lffi^^llfi<o* <o ^ X<D wi ffl co m tc^ 

1 3fj!l/yXn^;K 2 0fi{ir^^^^/U^^:-r o 
[0 0 2 6] ^.x^ 7 Sriiiabfca^iSIl u-^XflS 
5ffii:iB«t5. JS«o«*i^ofitatt, W2 0i: 

[0027] fcmx-on+foomz^ftn. ? — 

^308nmT*fc 9 . lOOnm l<"</l><D%fc§g&fc^i- & M^t^Si 

[0028] i4, m5^m^(D^^^mxh 



J§£\ SI 4 (7) J: 9 KBrF-«l 1 fiffl* Omrad-17mrad 

[0 0 2 9] L^L-ttt-efc, ^SJiT'lmm^l^-r^ 
^XlRigKJ;5^mi7nmi/j:!^ lOOnm^rSx. 

[0 0 3 0] L^LSbt^**WS:iafflL, HI 5<D£ b 
f-f&St^T^-^-l OSrKlt, M*^*rl3.6mrad 
^e>17mrad(^ra^ffi(IRBi-4 r ir J: 9 , *3«BffieU: 
^^5^ffiflXll(^J:S#^*Sr5c(O293nni<7?0. 16flf, o 
*t)56nml^4"CiS«^rB6T*&S 0 UVXl&git;: 
<tS5K^fil06nm{C(g;«$tLSo 

[0031] 1 Ot?BI 

# £15. 3mradJ&> 6 17mrad<£|1HKf!SK L>t4§-^iCfi, 
*ffi4Xll<^*iii«ffiffiBtC^tt5 2K^»^7n0293nm<7? 

o.o9fff^<s«i-5*ds-c#. *iBlftffifii:*^*5Jts«ffi 

»IXllfi26nm(c:*T*iftai-5 0 - <D»-fr U VXlfcMM i 5 

[0 0 3 2] — *BI#^5}'*^15.3nirad^?>17mradO 
R3 t ± # V ^ fc * , ^ — o J: 5 tfexK>{r ^iHtdMl 

«IJ $ 2x25 A <D ® j» $rfiS#t L f C 40nmSS "C 

XlRSI, ^-D>^t-J:^^>^^-lirT99nni 
<>"CO g SfP "Cfc (9 lOOnmiftilBcO^ttft 

[-0-0-3-3-]- **5v-*IWr^rv^-^ 

<fcv\, HI7tc, *»ttr^— ^-^ l oSrA^Sffi 

[0 0 3 4] H6tt % HHW*<OR5»#U:, tt«#:7V< 
"^-V 1 0 SrAtL3t«?BS:*i-|a-x?fc 9 , «:Wf;i% 
;t^tL3#]-efc£ 0 m^ISm, BB93ffl 1^X9 let h 

I 0 0 3 5 ] U 6 d&l^Tte, 20(01^1^^X9^ 
£>*-flrHft l tfswrtr— -Act £;ftrc^5{MK:»fiMfcT 
^-v l o^sttfetiT^s. ilfifT^— ^-r i otc 

^ffi«T<^«SHo*^ISo*^«gft(c:lF^i-5 r £ left 

»»E«+s^ «*i^vxtij: (9, mmmmzmz*} 



) #P^¥l 1-297610 

[0 0 3 6] Hmd&^Tte, 2 oi^S^ffl i/yX3 (D 

0 J: *) , ftig^EffiS 4 ' T*<z>B8 # ¥£i ^£fitt« _t 
^*ffi«T<7>«siaoB^jS6o*^ii$«(c«#i-s r fc 

{eft5 c rcr>t*cfiT\ !>x/NlK5Sr, *iBlfeEffl:« 

[0 0 3 7] ^ — n^Sfc*S:(£«**5**^e>f4, «ft 
fr#tT/<— ^-f 1 0 SrfigW^^»tt5E| 6 tc^i-J: 5 

[0 0 3 8 ] *38W^«5T^— ^«f4. 
fc 5 « J Fj»<Z)j»«ffi^*5 it % m # ^ *rBr*«E* 

9 (^<D0iJ£7Kl- o 

[0039] H8fi, mfe^m^ t)/h*v^n?gffi«rt 

SB^S2 5)'$i^rv^5^J•^^>s 0 
[0 0 4 0] S9lt **«on»BBPSBS:, #n<7)f^ 

[0 0 4 1 ] f?*^S«5S:»aifta5fit«^-&to*5* 

&^0ij^r[gl 10, HI 1 1 ^7^i- 0 Bio tdfcv^T 1 ' 

[0 0 4 2] 11 0tC*5VNT*4, Sii^Di^ia4 , fc^ 
^^A>r^^fe®^l , «3Ei/>X3 > Ofldttc 

[0 0 4 3] H] 1 1 (C^V^Tfi, !?3i^S«5Srft'ia«[ 

[0 0 4 4] ftig^®{iS4 , S:*«)6fc«)tc:f±, 0iJx. 

fJSctoi^ft^fedSifia-cfeSo ^^^^ 
^^^-^^^^^^^^^^^^^.^ — ^ oi^n 

Sr^ffl Lt^?- >^^#ott, -tco^^ — >£S EM 
[0 0 4 5] m2<Djjmz*S\,^Xfc, ^xAXf-^ 



(5) 



¥fffl¥- 11-297610 



Itl^f^^aM (d yd U^rt>fi 

B) ) -^»^ffi^btf*tt»*«S*rj5fe-C*> 

*dS}5r^<z> j6ffll*3 1- # 5 t * 5 ^ ^ — i^i* * £:* 

[ 0 0 4 6 ] y.±.(D^m±, ^x^f-v^iS^^ii 

[oo4 7] ft*3, &±<Dmw<Dmm<DmM<DMmx* 

[0 0 4 8] 

[0049] ft^mtttcmmx^ zmbtxtc-u^xmi 

[0 0 5 0] f»*JS2fc:«S38Kf4. ffifWffi^^iaiai" 



[BB^HIi*4KW] 

[HIl] *»MfcJ:a«ffiiRa(^(OW3ffiSrBi^i-sBI 
[12 2] «£3feo*^(c4ott5ERffiiR^«^^i-|g 
[S3] ai&ffl«^3fe^»^0!IS:*-rBI"Cfc5 o 

[1114] «e*a«^fcttS"^^^fi-t?<^tt^jift(DBH#^ 

[0 6 J *»91fc*s^-c\ T^— ^SrSNtSfifio— 

-So 

[mi o] wjEuv-xictijfkiaftffiffiasr^iii^sK 

[Hill] 9:n^Kffiffi«o»»(cJ;!?»ffl«SEfii:KSr 

[mi 2] %£5&<Dffimmftmm<vffl$:7r;-fm>mmx'£> 
i ' -mjEwKom^m 

-2 ■-•♦-T/>— ^ _ _ .'_ _. 

3' -iiEuyx 

4' •••*iS^®ffiffi 
5 -••^aL^JHR 

7 --^^^ 

9 ■••flawffl i^vx 

1 0--$§&#tT^-^-v 



[15] 




(8) 



ftfflW- 11-297610 




http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 

* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the charged-particle line aligner used in order to 
imprint the pattern of a reticle or a mask to induction substrates, such as a wafer, in a semiconductor integrated circuit 
manufacture process. 
[0002] 

[Description of the Prior Art] Detailed-ization of an integrated circuit is required, and in order to draw a narrow pattern on an 
aligner more in connection with this, to be able to draw in higher resolution has been demanded as high integration of a 
semiconductor progresses. The aligner by the charged-particle line represented by the electron ray in it attracts attention as 
what can meet such a demand. 

[0003] In charged-particle line exposure, the mask which has drawn the circuit pattern of an integrated circuit beforehand is 
irradiated by the charged-particle line, and a circuit pattern is imprinted on a wafer substrate. Although the field exposed at 
once by charged-particle line exposure is called subfleld, some circuit patterns are drawn on one subfield. By connecting the 
subfield on a mask on a wafer substrate one by one, and imprinting it, all the circuit patterns of the semiconductor chip of a 
piece are imprinted on a wafer substrate (for example, refer to JP,8-64522,A). 

[0004] The schematic diagram of the example of such a charged-particle aligner is shown in drawing 12 . drawing 12 - 
setting -- 1 -- a charged-particle line and 2 -- aperture and 3 -- a projection lens and 4 in an optical axis and 7, a mask and 8 
show a charged-particle line source, and 9 shows [ a gauss image surface position and 5 / a wafer substrate and 6 ] a 
projection lens The charged-particle line 1 emitted from the c harged-particle line source 8 irradiates a mask 7 through the 
projection lens 9 and aperture 2. The charged-particle line which passed the pattern section of a mask 7 carries out image 
formation of the image of a mask pattern on the wafer substrate 5 through the projection lens 3 and aperture 2. The wafer 
substrate 5 is arranged in the gauss image surface position 4 which is the image formation side of a paraxial ray. 
[0005] In the conventional charged-particle line exposure, a charged-particle line is converged with the charged-particle 
optical system which mainly consists of the magnetic lenses or electrostatic lenses for convergence. However, according to 
charged-particle linear-light study, when a lens symmetrical with rotation is used for the surroundings of a medial axis, it is 
known that spherical aberration surely remains. When spherical aberration remains, and the image of a mask is imprinted on a 
wafer substrate, an imprint image will fade uniformly. 

[0006] When the image with dotage was imprinted and the sensitization agent applied on the wafer substrate is developed, the 
edge of a pattern will flag. Consequently, the circuit pattern which a marginal part is indistinct, therefore has the size [ value / 
design ] shifted is formed. When such a thing happens, dispersion arises in the electrical property of the formed circuit, an 
electrical signal will not flow the inside of a semiconductor integrated circuit normally, and there is a trouble of becoming the 
cause of a malfunction or affecting the element property itself by gate-length change. Therefore, it is necessary to provide a 
certain means and to suppress spherical aberration. 

[0007] The method using a multipole lens system and the method of introducing a multipole lens into a 
symmetry-of-revolution lens system as an amendment machine are learned by making spherical aberration into the 
amendment conventional technology. 

[0008] Moreover, spherical aberration is proportional to the cube showing the angular distribution in the image surface of a 
charged-particle line of the aperture half size alpha. That is, when the size of a spherical-aberration coefficient is set to Csph, 
the size of spherical aberration is expressed with Csphalpha3. Therefore, in order to make spherical aberration small, making 
aperture half size small is also performed. 
[0009] 

[Problem(s) to be Solved by the Invention] However, although the amendment method with a multipole lens is theoretically 
possible, there is a trouble that manufacture of a multipole lens is very difficult. Optical-axis doubling (called alignment) of a 
multipole lens is still also very more difficult. 

[0010] Since an actual correcting-lens place distribution shifts from a design value according to the manufacture error of these 
multipoles lens, and an alignment error and excessive aberration occurs by the lens place shifted, it is reported by the 
charged-particle optical system of submicron level that the amendment which used the multipole lens has not reached 
practical use level (Shigeo Okayama, an "electron microscope", Vol 25, No. 3, (1990), 159-166). Moreover, if a multipole 
lens system is introduced, there are an electric control system of a lens and a trouble of becoming that much complicated. 
[001 1] Moreover, there is image dotage started by the Coulomb repulsion (the coulomb effect) which works between charged 
particles in addition to the aberration of a lens among the dotage of a charged-particle line. Since the coulomb effect becomes 
so large that aperture half size is small, if it tends to make spherical aberration small, and opens it and half size is made small, 



1 of 4 



12/30/02 1:55 PM 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 

the trouble that the image dotage coulomb effect becomes large will produce I^F 

[0012] Moreover, if a multipole lenWmendment system is put in, since the distance between the ****-image surfaces 
becomes long that much, the interaction time of a charged particle will become long, and dotage by the coulomb effect will 
increase. That is, the technology of reducing effectively both dotage and the spherical-aberration dotage by the coulomb effect 
in the conventional technology was not established. 

[0013] this invention makes it a technical problem to offer the charged-particle line aligner which lessened spherical 
aberration with easy composition as compared with the amendment method which used the multipole lens, without having 
been made in view of such a situation and increasing dotage by the coulomb effect. 
[0014] 

[Means for Solving the Problem] The 1st means for solving the aforementioned technical problem is a charged-particle line 
aligner (claim 1 ) characterized by preparing the aperture which intercepts a charged-particle line, and a transferred side 
having a means to adjust so that it may be put on the position where a charged-particle line broadening serves as the 
minimum, as only the charged-particle line of the aperture half size below a predetermined value is received in the aperture 
half size beyond a predetermined value on an image formation side. 

[0015] Aperture is prepared in the space where a charged particle passes the 2nd means for solving the aforementioned 
technical problem, the aperture concerned It has the covered section which covers the inside of the circular field of the 1st 
radius at least, and the covered section which covers the outside of the circular field of a larger radius at least than the 1st 
radius of the above. And a transferred side is the charged-particle line aligner (claim 2) characterized by having a means to 
adjust so that it may be put on the position where a charged-particle line broadening serves as the minimum. 
[0016] (Operation) An operation of this invention is hereafter explained using drawing. In addition, in the following 
explanation, a beam of light and its medial axis may be explained for the thing of a charged-particle line, and a 
charged-particle line may be explained to be optical system etc. for an optical axis and its system as a kind of light. 
[0017] Drawing and drawing 2 drawing 1 explains the principle of the spherical-aberration reduction by this invention to be 
are drawing showing generating of the spherical aberration in the conventional optical system. As for the optimal image 
surface position where in a charged-particle line and 2, as for aperture and 3, spherical aberration becomes a projection lens, 
and a gauss image surface (image formation side of paraxial ray) position and 4' become the minimum 4, and 5, in drawing 1 
and drawing 2 , 1 is [ a wafer substrate and 6 ] opticals axis. 

[0018] The charged-particle line 1 which passed the mask is projected on the wafer substrate 5 with the lens 3 for projection, 
and carries out image formation of the image of a mask on the wafer substrate 5. 

[0019] In the case of the charged-particle optical lens in the conventional optical system [ as / whose spherical aberration is 
the main aberration ], in drawing 2 , position (optimal image surface position) 4' from which the charged-particle line 
broadening by spherical aberration becomes the minimum exists in the position near / position / gauss image surface / 4 / 
which is a convergence position of a paraxial charged-particle line ] a **** side. Therefore, spherical aberration can be made 
small to some extent by moving the position of the mask substrate 5 to optimal image surface position 4' from the gauss image 
surface position 4. However, even when an image surface position is doubled with this optimal image surface, the 
charged-particle line broadening by spherical aberration does not become zero. 

[0020] The artificer found out that the spherical aberration in aforementioned optimal image surface position 4' was reduced 
remarkably by cutting a paraxial charged-particle line in the optical system of drawing 2 . That is, like drawing 1 , if only the 
charged-particle line of the aperture half size below a predetermined value is received in the aperture half size beyond a 
predetermined value in optimum image surface position 4' up, the spherical aberration in optimal image surface position 4' 
will be reduced remarkably. Therefore, spherical aberration can be sharply reduced with the easy composition of establishing 
a means to adjust so that such aperture may be prepared and a mask etc. may be in agreement with optimal image surface 
position 4' (transferred side). 

[0021] the publication of the 1st means for solving a claim I and a technical problem - setting - "-- on an image formation 
side top and saying [ " ] - "-- " is meant in the position corresponding to optimal image surface position 4' 
[0022] According to this method, since the charged-particle line of a portion with large aperture half size is used, the image 
dotage by the coulomb effect can avoid a bird clapper greatly. Moreover, since the multipole lens is not used, intricately, a 
bird clapper does not have structure and it can also avoid the image dotage by the coulomb effect accompanying using a 
multipole lens. 

[0023] Although what thing is sufficient as the aperture used for this invention as long as only the charged-particle line of the 
aperture half size below a predetermined value is received in the aperture half size beyond a predetermined value on an image 
formation side, it is simple for the thing of structure which is especially indicated by a claim 2 and the gestalt of 
implementation of invention, then structure, and they tend to manufacture it. 
[0024] 

[Embodiments of the Invention] Hereafter, the example of the gestalt of operation of this invention is explained using 
drawing. In the following drawings, the same sign is given to the component explained in the above-mentioned drawing, and 
the explanation is omitted. 

[0025] First, spherical aberration as shown in drawing 3 considers the electron optics system for projection which consists of 
main magnetic double symmetrical lenses. In the following drawings, the same sign is given to the same component as the 
component shown in the above-mentioned drawing in the inside of the column of the gestalt of implementation of a The 
means for solving a technical problem and invention, and the explanation is omitted to it. Moreover, a charged-particle line is 
explained as an electron ray. In drawing 3 , in a mask and 12, a lens magnetic pole and 13 show a lens coil, and 20 shows [ 7 ] 
a deflecting system coil. This electron optics system is I / 4 reduction projection optical system, and has the deflecting system 
which consists of a deflecting system coil 20 which deflects an electron ray. 
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er substrate with the lens for 

projection which has the lens magnSrTc pole 12 and the lens coil 13, and carries out image formation of the image of a mask 7 
to the 5th page of a wafer substrate. The position of the longitudinal direction of image formation is made adjustable by 
deflecting system 20. 

[0027] The aperture half size of the electron ray in the image surface enlarged dotage by the coulomb effect with I7mrad(s) in 
order to suppress enough. At this time, the image dotage on the gauss image surface by lens aberration is 308nm, and it does 
not become practical use as an aligner which imprints the line breadth of lOOnm level. Among these, spherical aberration is 
293nm and is the main aberration in lens aberration. 

[0028] Drawing 4 and drawing 5 are drawings showing the distribution of an electron ray. In drawing 4 and drawing 5 , 10 is 
cycle-like aperture. In the usual lighting which does not form the zona-orbicularis-like aperture 10, the electron rayl is' 
carrying out the Gaussian distribution mostly like drawing 4 before aperture half size Omrad - 17mrad. Even in this case, the 
image dotage by spherical aberration increases small about 1 / 4 times by shifting the image surface from the gauss image 
surface, and moving to the optimal image surface position so that it may usually carry out well. Thereby, spherical aberration 
is reduced by even 73nm. 

[0029] However, still, if it deviates 1mm on the image surface, the dotage by lens aberration will be set to 1 17nm, and will 
exceed lOOnm. 

[0030] However, the amount of dotage by the spherical aberration in the optimal image surface position can be reduced by 
0. 1 6 times [ 293nm ], i.e., 56nm, the origin by applying this invention further, forming the 7ona-orhipi)|a r i<;-likp apprt-mv* ip 
like drawing 5 , and restricting aperture half size between 1 3.6mrad(s) and 1 7mrad(s). In this case, the dotage by lens 
aberration is reduced by 106nm. 

[0031] Moreover, when it opens by the zona-orbicularis-like aperture 10 similarly and half size is restricted between 
15.3mrad(s) and I7mrad(s), the amount of dotage in the optimal image surface position of spherical aberration can be reduced 
by 0.09 times [ 293nm ] the origin, and the spherical aberration in the optimal image surface position is reduced even to 
26nm. In this case, the dotage by lens aberration is 91 nm, and can attain lOOnm resolution. 

[0032] On the other hand, since the aperture half size distribution is as large as between I5.3mrad(s) to I7mrad(s), when the 
image dotage by the coulomb effect is suppressed sharply and the electron ray of 25microA is irradiated, it is about 40nm, and 
dotage is very small considering a high current. Therefore, the dotage by lens aberration and the coulomb effect is 99nm (it 
defines by the square root of the sum of squares of each dotage) in all, and can attain the resolution of lOOnm line breadth. 
[0033] In addition, by using the zona-orbicularis-like aperture 10, the rate from which aberration other than spherical 
aberration changes is small enough, and is the grade which can be disregarded. Moreover, if the position into which the 
zona-orbicularis-like aperture 10 is put is a position with drawing, it is good anywhere. The example of the position which 
puts the zona-orbicularis-like aperture 1 0 into drawing 6 and drawing 7 is shown. In drawing 6 and drawing 7 , 8 shows the 
source ofan-eleQtron ray and 9 shows the lens for lighting. 

[0034] thawing fl is drawing showing the example which put the zona-orbicularis-like aperture 10 into a part for the 
convergingleTtitfn of an illumination system, and is an example most generally considered. An electron ray 1 is made into a 
collimated beam with the lens 9 for lighting, and it is condensed on a mask 7 after that, and it carries out image formation of 
the image of a mask 7 on the wafer substrate 5 with the lens 3 for projection. 

[0035] In drawing6 , the zona-orbicularis-like aperture 10 is formed in the position where the electron ray 1 between two " 
lighting lenses 9 is made into the collimated beam. By the zona-orbicularis aperture 10, the aperture half size in optimal image 
surface position 4' will contribute [ only the electron ray of the range below a predetermined value ] to image formation above 
a predetermined value. In this state, move arrangement of the wafer substrate 5 is carried out at optimal image surface 
position 4', or the optimal image surface position is doubled with the position where the wafer substrate 5 is arranged with an 
attachment lens. 

[0036] In drawing 7 , the zona-orbicularis-like aperture 10 is formed in the position where the electron ray I between two 
lenses 3 for projection is made into the collimated beam. By the zona -^rhirjiiat-icJikp apertu re ip , th<* aperture half size in 
optimal image surface position 4' will contribute f only the electron ray of the range below a predetermined value ] to image 
formation above a predetermined value. In this state, move arrangement of the wafer substrate 5 is carried out at optima l 
i mage surface position 4'. or the optimal image surface position is doubled with the position where the wafer substrate 5 is 

arrflpopH with an attachme nt lens. 

[0037] The method as shows the cycle-like aperture 10 to drawing 6 prepared in an illumination system from the meaning 
which reduces the coulomb effect is more more desirable. 

[0038] As long as the configuration of the aperture concerning this invention is the thing of a configuration which restricts the 
aperture half size in the image formation side of the electron ray which contributes to image formation to below a 
predetermined value beyond a predetermined value, it may have opening of what configuration. The example is shown in 
drawing 8 and drawing 9 . 

[0039] Drawing 8 is aperture with opening of the shape of a doughnut constituted so that the electron ray outside the circular 
field of a bigger radius than it might be covered in a circular field smaller than a predetermined radius, and is an example to 
which opening is carried out by the member for supporting an inside shield for 2 minutes. 

[0040] Drawing 9 is the example of the aperture which has arranged two or more circular openings at equal intervals as the 
center of each circle is on the periphery of the same circle. Aperture as shown in drawing 8 and drawing 9 is easy structure, 
and easy to manufacture. 

[0041] The example of the method of doubling the wafer substrate 5 with the optimal image surface position is shown in 
drawing 10 and drawing 1 1 . In drawing 10 , i* is [ the electron ray after an amendment and 3* of the electron ray before an 
amendment and 1 " ] correcting lenses (focal amendment coil). 
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urface position 4' becomes like 1 " by 
work of correcting-lens 3', and comSTto connect a focus to the position of the gauss image surface position 4. That is, the 
optimal image surface position moves to the position of 4 from 4'. Therefore, even if it does not move the wafer substrate 5, 
the wafer substrate 5 can be put on the optimal image surface position. 

[0043] The wafer substrate 5 is moved to the position of optimal image surface position 4\ and it is made for a focus to suit 
on the wafer substrate 5 in drawing 1 1 . 

[0044] In order to ask for optimal image surface position 4', the methods following, for example are suitable. The 1st method 
is a method of changing the height of a wafer stage variously, actually printing a pattern using a dummy wafer, and observing 
the pattern by SEM. A SEM image is observed and let the stage height from which the best resolution is obtained be the 
optimal image surface position. 

[0045] In the 2nd method, it is the method of preparing a reference mark on a wafer stage or the wafer for proofreading, 
carrying out the scan of this reference-mark top with an electron beam, detecting a reflective signal, calculating the 
differential value (d (amount of signals)/d (scanning position)) of a reflection-electron signal, and reading dotage in this 
differential value. The height of a wafer stage is changed, and this is performed and let the stage height which the amount of 
dotage becomes within the limits of predetermined, or serves as the minimum be the optimal image surface position. 
[0046] Although it is related with the method of establishing a transferred side in the optimal image surface position by 
adjusting wafer stage height, the above method should just find out the amount of optimal amendments by the same method as 
the above, changing the amount of amendments by the correcting lens, when the method of establishing a transferred side in 
the optimal image surface position by the correcting lens is adopted. 

[0047] In addition, this invention cannot be overemphasized by that it is applicable also in the aligner which used other 
charged particles although explanation of the gestalt of implementation of the above invention explained the case where an 
electron ray was used as a charged-particle line. 
[0048] 

[Effect of the Invention] As explained above, invention concerning a claim 1 So that only the charged-particle line of the 
aperture half size below a predetermined value may be received in the aperture half size beyond a predetermined value on an 
image formation side Since it is the charged-particle aligner characterized by preparing the aperture which intercepts a 
charged-particle line, and a transferred side having a means to adjust so that it may be put on the position where a 
charged-particle line broadeni ng serves as the minimum Spherical aberration can be made small with easy composition, 
without using a multipole electrode etc. Moreover, increase of the image dotage by the coulomb effect can be prevented. 
[0049] using the flexibility of the limited lens design for the thing which can be used for an optical design and for which 
aberration other than spherical aberration is reduced, and reducing the spherical aberration which remained effectively by the 
method by this invention -- consequent -- enough -- low -- it becomes possible to obtain aberration charged-particle optical 
system 

[0050] Aperture is prepared in the space where a charged particle passes invention concerning a claim 2. the aperture 
concerned It has the covered section which covers the inside of the circular field of the 1st radius at least, and the covered 
section which covers the outside of the circular field of a larger radius at least than the 1st radius of the above. And since a 
transferred side is the charged-particle line aligner characterized by having a means to adjust so that it may be put on the 
position where a charged-particleline broadening "serves as the m 
done so, and the structure of aperture is easy and it is easy to manufacture it. 



[Translation done.] 
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